framework produced by BEA/BLS to compute the impact of the industry on the economy's multifactor productivity growth.
Literature review
There is a good body of work examining both labor productivity trends and multifactor productivity trends in air transportation covering many periods. Beyond the earlier mentioned official measures of productivity computed by the BLS Productivity Program, as well as measures compiled by the BEA/BLS integrated production account, a number of studies indicate that productivity growth in the air transportation industry has been substantial. One study by BLS economists John Duke and Victor Torres that encapsulated both periods with regulation and periods with deregulation in the industry found that multifactor productivity growth in air transportation was triple that of the U.S. business sector from 1972 to 2003. 8 Duke and Torres outlined a number of factors, such as the emergence of both fly-by-wire technology and GPS technology, that have advanced productivity in the air transportation industry.
In another study, FAA economist Anthony Apostolides, focusing on the period from 1990 to 2001, a time when the air transportation industry was deregulated, measured multifactor productivity trends and found that the industry "contributed positively and substantially to increases in multifactor productivity in the U.S. private business sector and, hence, to the U.S. economy." 9 Apostolides went on to discuss advances in maintenance technology, as well as the quality of inputs during the 1990-2001 period, as key developments that shaped the positive efficiency findings.
More recently, studies from the Master of Science in Transportation program at the Massachusetts Institute of
Technology also have examined multifactor productivity growth in the air transportation industry. Robert Powell found that air transportation has experienced "tremendous productivity improvements since deregulation." 10 Looking at the low-cost carriers, Powell maintained that there were rapid total factor productivity gains in the early years of the first decade of the 2000s and that the legacy carriers followed suit by expanding those gains in the latter half of that decade. Then, in an examination of the air cargo industry, David Donatelli learned that multifactor productivity growth for the two largest air couriers, FedEx and United Parcel Service (UPS), coincided with the growth of air traffic in the early 1990s and on into the first decade of the 2000s. 11 Still, FedEx and UPS showed the weakest productivity growth, while combination carriers' productivity gains far exceeded those of the largest two cargo operators.
An earlier study by BLS economists Michael Cimini and Charles Muhl had outlined the labor struggles that took place from the early to mid-1990s as airlines were beginning to restructure labor contracts and labor unions were being forced to accept concessions in an effort to keep the airlines in business. 12 Finally, an article by Bogdan
Daraban discussed the more recent breakdown of the distinction between the low-cost air carriers and the traditional legacy carriers, with both types of carriers adopting each other's input structures in order to achieve the most efficient mix of inputs. 13 Despite being a relatively short timeframe in terms of productivity analysis, the period since deregulation is rich with insight into an industry that is quickly adapting to the competitive market with respect to labor contracts, fuel expenses, fare choices, and decisions relating to capacity, route selections, and outsourcing. Labor productivity is an especially relevant statistic to track over the years from the late 1990s to the first decade or so of the 2000s, a period when airlines rapidly adapted their labor expenses and labor input decisions to the emergence of the lowcost carrier model of operations.
What is clear from many of these and other productivity studies is that the air transportation industry underwent rapid productivity growth, typically faster than the nation's productivity growth, and that the industry's growth contributed positively to aggregate productivity growth. However, there remains a gap in quantifying exactly how much the air transportation industry contributed to the nation's productivity growth.
The model
This article attempts to fill the void in the current literature by using the BEA/BLS integrated production account framework, a framework based on the growth accounting principles first developed by Robert Solow and further refined by Dale Jorgenson, Zvi Griliches, Frank Gollop, and Barbara Fraumeni, as well as others. In what follows, BTS real-output measures are used to construct measures of multifactor productivity and labor productivity at the detailed industry level of the North American Industry Classification System (NAICS) in a context that is consistent with GDP, the principal indicator of economic health in the U.S. economy.
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Labor productivity
The labor productivity index in this article is computed by dividing an index of gross output by the labor input index, which is a measure of hours worked by the various workers in the air transportation industry. In productivity analysis, sectoral output remains the preferred choice for measuring output; however, in the air transportation industry, the difference between gross output and sectoral output is likely not large by virtue of the way the airline reporting requirements are captured. An example of an intraindustry transfer would be an airline flying its own flight staff to another airport to staff a different aircraft. In the BEA/BLS integrated production account framework, revenue is a gross output concept, so, to be consistent with the other industries in the economy, a gross output concept is used in this work.
In what follows, labor productivity growth is expressed as output divided by labor input, inclusive of quality change; that is,
where GO = gross output and L = labor input.
Multifactor productivity
Multifactor productivity is defined as an index of real output divided by an index consisting of the following real combined inputs: capital (K), labor (L), energy (E), materials (M), and services (S). Multifactor productivity provides a more complete accounting of industry and productivity growth than does either labor productivity or any other single-factor productivity approach. Recently, BEA and BLS computed multifactor productivity statistics for the total economy, using an integrated production account framework for 63 NAICS industries in the U.S. economy.
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This study adopts the BEA/BLS integrated production account-based framework, which uses data consistent with U.S. national accounts on a NAICS basis to build economywide estimates. 16 In that framework, multifactor productivity is computed as a residual; that is,
where GO = real gross output, This model from the BEA/BLS provides an ideal platform from which to evaluate recent productivity trends in the air transportation industry precisely because it can quantify the impact that each industry and input has had on the aggregate economy's multifactor productivity growth. 17 This capability has thus far been missing from many of the air transportation studies conducted.
Domar weights
Aggregating economywide value-added output, industry-level gross output, and industry-level multifactor productivity through the use of Domar weights yields a set of multifactor productivity estimates for the total U.S.
economy. 18 Each industry's contribution of capital input, labor input, and multifactor productivity to total GDP growth is the Domar-weighted contribution of that factor input, multiplied by the growth of the real factor input, so that
and where capital contribution to total-economy value-added growth, labor input contribution to total-economy value-added growth, = real-capital input growth for industry i, Using the foregoing Domar weights and growth expressions, and aggregating all industries in the economy, yields economywide factor contributions to GDP growth, from which industry contributions to national productivity growth and to national factor input growth can be easily determined.
Data sources
The data sources for the study presented in this article are of two kinds: those related to the output produced and those having to do with the inputs from which the output is derived.
Output
The analysis that follows adopts the gross output production account framework to measure airline industry output -a framework that is consistent with the BEA/BLS integrated production account methods of measuring gross output and that fits well with research showing the importance of intermediates in productivity analysis at the detailed industry level. 19 This approach allows the results obtained from the most recent BEA/BLS integrated production account to be used to gauge the impact the air transportation industry has had on the economy. In addition, the approach makes available 62 other NAICS-based industries whose productivity may be compared with that of the air transportation industry.
However, because there is a meaningful discrepancy between the productivity measures in the BEA/BLS integrated production account and the official BLS measures of productivity stemming from real output measures, this article will use its own estimates of real gross output in place of the real-output measures found in the BEA/ BLS integrated production account for the air transportation industry. These new estimates will be based on revenue passenger miles and revenue ton-miles, in accordance with practices and methods used in national accounts and by the BLS Productivity Program.
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Air transportation's real industry output is defined as a Törnqvist aggregated measure of revenue passenger miles and revenue ton-miles. Average two-period revenue streams for both passenger and cargo operations are used to compute two-period average value shares. BTS Form 41, Schedule T-100, "U.S. Air Carrier Traffic and Capacity Data by Nonstop Segment," reports revenue passenger miles for scheduled service of the large regional carriers, the national carriers, and the major carrier groups, and is used to generate real output. For cargo operations, BTS Form 41, Schedule P-1.2, "Statement of Operations," covers carriers reporting annual operating revenues of $20 million or more, excluding air courier companies. The data on these schedules are reported by carrier and by aircraft type, and allow for decomposing output growth. The real-output measure based on these schedules is used in both the labor productivity and multifactor productivity estimates presented in this article.
For air transportation, the real estimates of value added were recomputed from the estimates found in the BEA Industry Accounts, in order to keep the mathematical relationships among real value added, real intermediates, and real output consistent after replacing the BEA output with the BTS measure. For all industries other than air transportation, real output and real value added were taken directly from the BEA Industry Accounts. Figure 1 shows the real-output measures from BLS, BEA, and BTS; the three measures appear to track one another after figure 3 .)
Inputs
The current-dollar and real-input data used in this study are derived from the BEA Industry Accounts for the energy, materials, and service inputs. The current-dollar capital pieces are residuals of the value-added and labor compensation estimates. The real-capital input measure is used directly from the BEA/BLS integrated production account, pushed back 1 additional year by using the BLS Productivity Program's real-capital measures of the economy by industry. 22 The current-dollar labor compensation measures were obtained directly from the BEA/BLS integrated production account, moved back 1 additional year by using payroll-based worker labor compensation as an indicator of worker compensation for the missing year. The real-labor input measures were obtained from newly released BLS Productivity Program labor input measures, inclusive of labor quality.
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Labor productivity results
Labor productivity in air transportation grew at an average annual rate of 3.9 percent over the 1990-2014 period, 
Multifactor productivity
From 1997 to 2014, multifactor productivity's average annual growth rate of 3.3 percent in air transportation outpaced that of the private nonfarm business sector (1.0 percent) by the substantial margin of 2.3 percent and aided in the nation's productivity growth. ( Figure 5 shows these two multifactor productivity trends.) Air The slight rise in combined inputs was a result of differential growth in inputs. Real purchased services declined an Table 3 . Percent contributions to combined-inputs growth, 1997-2014 and selected subperiods employment increase as consumers switched to lower cost travel options and revenue passenger miles rose.
However, the legacy carriers' employment decline of more than 50,000 workers during the 2000-02 period far exceeded the number of workers added by the low-cost carriers, resulting in an average annual 4.2-percent decline in air transportation's hours worked and a 4.1-percent drop in labor input.
2000-02: multifactor productivity
From 2000 to 2002, multifactor productivity in the air transportation industry continued its robust growth, increasing 4.3 percent, even in a recession and as output fell by an average annual 3.9 percent. What is more, the combined inputs to production declined by over double that rate, falling by 8.2 percent, averaged annually. The declines in the factors of production to the industry were led by the continuing drop in services and labor input, along with a downturn in real-energy expenditures.
Real services declined by 10. found it difficult to do so, and many of the legacy carriers saw bankruptcy as a necessary step toward restructuring.
In addition, the major carriers' labor expenses forced those airlines to reduce costs and improve productivity in the early 2000s. Also, labor unions made major concessions. For example, in 2003, the pilots, mechanics, ground crew, and flight attendants of American Airlines gave back nearly $2 billion in wages to the carrier in an attempt to help avoid bankruptcy. In addition to these wage concessions from the various labor unions were productivity concessions on the part of American Airlines workers that would reduce the carrier's workforce by 2,000 to 3,000
workers. 32 United Airlines found itself in a similar situation when it attempted to renegotiate its labor contracts after declaring bankruptcy in 2002. At the same time, Delta was seeking ways out of its expensive labor contracts in order to avoid bankruptcy by the middle of the first decade of the 2000s. 33 In 2005, to boost productivity, Delta made major scheduling changes at its Atlanta hub. Such changes had been initiated earlier by American Airlines. 34 The objective was to spread arrivals and departures more evenly throughout the day, limit congestion, and increase productivity. In another move, Frontier pilots agreed in 2004 to shift from a salaried pay system to an hourly pay system as a way for the company to increase pilots' productivity by incentivizing them to fly more.
Consolidations and mergers
In addition to seeking cost savings through bankruptcy and concessions, airlines continued to merge and consolidate. In fact, all of the major legacy U.S. carriers have been through bankruptcy proceedings within the last 25 years, and a majority of them merged with another major airline along the way. keeping American's name. Through mergers such as these, air carriers were able to reduce redundant routes and equipment, in addition to downsizing redundant staff, sometimes through retirement buyouts. In the UnitedContinental merger, for example, about 2,900 union workers accepted early retirement buyouts to avoid furloughs or forced layoffs. 35 At the end of 2009, United had cut employment by more than half of what it was just 10 years earlier; the airline was left with just over 46,000 workers. 36 Prior to the TWA-American Airlines merger, combined employment in the carriers in 1999 was 118,000, but that number shrank to 46,700 by the end of 2009. 37 In sum, the legacy carriers were declaring bankruptcy, shrinking redundant staff, and achieving productivity concessions at a rapid pace during the 2002-07 period.
Airlines also found ways to merge their operations other than through formal financial mergers. Revenueexpanding tools, such as alliances, code shares, and partnerships, were among the methods used. The International Air Transport Association (IATA) reported that feeder routes and services delivering connecting traffic could increase the traffic density on a two-city route, allowing airlines to operate larger, more efficient aircraft and to spread costs over a greater number of passengers. 40 The enhancement of the partnered network in an alliance, the airlines contend, can improve the traffic density of a given spoke-to-hub route by increasing demand for travel to new spokes served by the alliance partner-demand that would not have been reached in the absence of the alliance. Tapping into this otherwise unreached demand greatly expanded the number of revenue passenger miles traversed during the 2002-07 period, when code-share flights enabled rapid output growth.
In addition to the measures just outlined, changes aimed at reducing labor further were made inside the terminal. US Airways, glass drinking glasses were replaced with less heavy plastic glasses and meal carts were replaced with carts that were 12 pounds lighter, in an effort to reduce the weight of the aircraft. 45 Some carriers began adding winglets to their planes to save on fuel expenses. These tiny angled tips on the edge of the wing can save between 4 percent and 6 percent of fuel burn during flight operations, as well as improving takeoff performance. Aloha Airlines was an early adopter of winglets and reported that it was obtaining roughly a 5-percent savings in fuel costs on its 1,800-mile stage lengths. 46 In 
2007-09: Multifactor productivity
Multifactor productivity grew 1.1 percent during the 2007-09 period, with real output declining 4.3 percent and the industry's use of inputs falling more sharply, at a 5.4-percent average annual rate. Multifactor productivity accounted for more than 85 percent of labor productivity growth during this timeframe.
The decline in inputs was driven by a sharp falloff in real-energy consumption as energy-saving initiatives and fleet choices made in the mid-2000s began to have an impact. Real energy fell 12.4 percent over the period, reflecting an average annual decline of 11.9 percent in departures, as carriers adapted quickly to the changing times and cut unprofitable routes. Fuel prices, already having increased steadily in the early years of the first decade of the 21st century, peaked in July 2008. The airlines struggled to adapt their production model so as to gain every advantage they could.
American Airlines and Southwest Airlines began power washing their jets engines regularly, to reduce the drag from dirt and thus increase the fuel efficiency of their aircraft. By 2008, as jet fuel prices reached a peak, Northwest began keeping its less fuel-efficient DC-9 fleet parked in favor of flying the Airbus 319, which was 27 percent more fuel efficient. 48 Nor was Northwest alone, as United shelved six of its fuel-expensive four-engine Boeing 747s. The assets that caused the rise in capital input were land stocks and material inventories, which the carriers turned to as they sought ways to house their less-than-efficient aircraft during the 2007-09 period.
Real food expenditures by airlines declined by 12 percent, averaged annually, during the 2007-09 recession, contributing to the 13.8-percent decline in real material inputs observed over the period.
Aviation experts have termed the period surrounding 2008 the period of "rationalization" for the airline industry. During this time, the airlines instituted an active reduction in their available seating capacity. 49 It was no longer profitable to operate the smaller, less fuel-efficient regional aircraft with the high fuel prices that existed, so departures from small regional airports were scaled back. Those airports had been instrumental in building the growth observed in the number of less fuel-efficient aircraft in the 2002-07 period.
By the time fuel prices reached record highs in 2008, the decline of the regional jets was well under way, because of the steady ascent of jet fuel prices. As the price of fuel fell from the 2008 peak, departures of these less expensive regional aircraft did not (and still have not) returned to the prominence they held in the middle of the first decade of the 21st century. The stagnation signifies a shift in production by the air carriers, which appear to be seeking more stable expenses in their production model. Departures of small regional aircraft fell by nearly 30 percent, averaged annually, during the Great Recession and are roughly where they were 15 years ago. (See figure 8.) In addition to the pulling back of the more fuel-inefficient aircraft, there has been a lengthening of the average distance traveled per departure, reducing per-departure costs. Most notably, this statistic increased in the smaller aircraft after 2008, the year that fuel prices spiked, but it is also seen in the wide-body aircraft. (See figure 9. ) As the average annual rate of increase in fuel prices reached 15 percent between 2002 and 2010, the average distance flown by the smaller, under-60-passenger aircraft climbed nearly 9 percent, averaged annually, over the same period. Similarly, the average distance traveled per departure by narrow-bodied aircraft increased 1.3 percent, averaged annually, over the period. Even as the number of departures diminished for the smaller, under-60-passenger aircraft, the average distance flown per departure continued to increase in order to meet demand. In 2008, when prices reached a peak, air carriers made decisions to shift from meeting demand by using departure frequency and small regional airports to selectively choosing longer distances to fly while still meeting the needs of their customers.
2009-14: capacity discipline, increasing yield, increasing size of aircraft, increasing distance flown
After the Great Recession, labor productivity growth softened considerably from the robust growth experienced in 2002-07. The post-Great Recession labor productivity growth rate of 2.4 percent, averaged annually, was achieved through steady, but reduced, average annual output growth of 2.4 percent and stagnant labor input.
Gains in revenue passenger miles came mostly from the low-cost carriers, which accounted for about threequarters of the softened growth. The deceleration of output during the recovery from the Great Recession was the main contributor to the slower growth in both labor and multifactor productivity relative to the earlier recovery periods: average annual output grew 2.4 percent compared with growth of 5.2 percent after the previous recovery.
In 2000-07, the growth of revenue passenger miles from under-60-passenger aircraft was responsible for a substantial share of the total 15-percent growth observed during that period. By contrast, revenue passenger miles among these smaller carriers actually declined in the 2009-14 period, despite overall growth in revenue passenger miles. The chief reason for the decline was that increasingly volatile fuel expenses made the smaller regional aircraft less profitable. Another factor was the difficulty the airlines had staffing pilots in the face of persistent flight restrictions and pay gaps.
Labor input declines since the Great Recession have been small and uneven. In February 2012, American Airlines announced that it was cutting 13,000 jobs-roughly 15 percent of its workforce-in a move to save on aircraft maintenance expenses. 50 Then, in April of that year, the same carrier announced that it was laying off 1,200
workers at a reservation center in the U.S. southwest, in addition to outsourcing the jobs of domestic cargohandling agents at seven U.S. airports. In 2014, United replaced 650 workers at Denver International Airport with outsourced contractors. Further, the airline announced plans to examine 28 other airports in the hopes of obtaining similar cost-saving measures. 51 Today, the labor cuts adopted by the legacy carriers in the mid-2000s continue, while some of the labor input gains achieved by the low-cost carriers have dwindled as their market share has grown.
2009-14: multifactor productivity
Multifactor productivity rose 0. percent, averaged annually, with more than 80 percent of the growth resulting from the 5.1-percent average annual rise in real-energy expenses. The latter rise reflected an average annual 2.9-percent increase in departures. The growth in labor, capital, and materials accounted for none of the combined input growth; instead, energy and services accounted for the entirety of the 1.6-percent rise in combined inputs-a rise that offset the 2.4-percent output growth and resulted in the small average annual 0.8-percent increase in multifactor productivity.
After 2009, the airline industry began a phase of operations commonly referred to in the industry as "capacity discipline." This new paradigm meant that carriers would add seating capacity sparingly and only if there was proven demand for it. This tempered, destination-driven output resulted in lower growth in revenue passenger miles than that previously experienced, and its mixed results can be seen in carrier capacity statistics: Delta raised its capacity by 1 percent during 2009-13, while United lowered its flying capacity from 2011 to 2013 and American
Airlines held its seating capacity steady. 52
One factor leading to the overall rise in productivity since 1990 has been the trend by carriers to increase both yield and load factor. An airline's yield is a measure of the average fare paid by all passengers per mile flown; the load factor represents the amount of output that is sold or consumed-a quantity commonly measured as the number of passengers divided by the number of available seats. 53 Throughout the period examined in this article, figure 11 .) The average annual rate of change of labor productivity during the subperiod was 4.7 percent, even faster than the 3.9 percent observed during the entire 1990-2014 period examined.
Contributions to multifactor productivity growth in the total economy
Although the air transportation industry directly accounted for roughly 1.3 percent of the nation's real GDP growth from 1997 to 2014, it accounted for 7.0 percent of the nation's multifactor productivity growth. (See table 4 .) Using Domar weights to compute industry contributions to aggregate growth reveals that air transportation was the ninthleading contributor to the nation's multifactor productivity growth over the period examined. Also, the industry exhibited the second-highest multifactor productivity growth among the 63 industries studied. (See In general, there has been a slowdown in gross output across the economy, and air transportation also has been deliberate in adopting a "capacity discipline" philosophy. Still, air transportation saw a labor decline from 2000 to 2010 because of the new economic structural changes introduced by the legacy carriers.
Conclusion
The analysis carried out in this article has found that multifactor productivity growth and labor productivity growth in the air transportation industry were substantial contributors to the nation's productivity growth during the period from 1997 to 2014. This finding, based on the BEA/BLS integrated production account, adds another perspective on an industry that has had widely varying estimates of productivity among data providers. Specifically, noteworthy growth in labor productivity driven by labor input declines initiated by the legacy air carriers, as well as strong output growth from the low-cost carriers, during the 2002-07 period led the nation's productivity growth during the longer 1997-2014 period examined. Over the longer period, air transportation accounted for 7 percent of the nation's multifactor productivity growth and had the second-fastest multifactor productivity growth of all industries in the economy, after computers. This finding, which quantifies the extent to which the air transportation industry affects productivity growth in the total U.S. economy, is consistent with other work analyzing air transportation productivity growth and with the official measures of productivity produced by BLS.
Further, the analysis presented here provides another measure of productivity to supplement the existing ones and help statistical agencies bridge discrepancies concerning the vital air transportation industry, which has contributed much to growth in the computer industry as well as other industries throughout the economy.
The most important developments of the late 1990s in the air transportation industry were the industry's capital investment in information technology and launching of the air carriers' homepages whereby they could sell tickets directly to travelers. The latter innovation saved millions of dollars in expensive service commission fees, and the savings extended through the early part of the first decade of the 2000s. Also, legacy carriers that were supposedly locked into expensive labor contracts not suited to the pricing environment that low-cost carriers introduced found ways to exit those contracts through mergers and bankruptcies beginning shortly after the recessionary period from March through November 2001.
In addition to merging airlines and restructuring expenses, the airline industry began to outsource major technical repairs and maintenance, a move that allowed the carriers to reduce their staffing of maintenance workers. The action further reduced labor input in an industry that was already undergoing rapid labor declines. The middle of the first decade of the 2000s saw the industry use regional aircraft to meet rising demand from the traveling public;
within the same period, the industry also established the single-aisle aircraft now typically used by the low-cost carrier fleet. Largely through the legacy carriers' labor cuts and the low-cost carriers' expansion of revenue passenger miles, during the 1997-2014 period the airline industry became the nation's fourth-fastest laborproductivity-growing industry.
Later, as fuel prices began their volatile swings in the middle of and late into the first decade of the 21st century, air carriers found ways to increase fuel efficiency on existing aircraft to sustain operations. In addition, they cut back on the number of departures of their less fuel-efficient aircraft. Since the end of the Great Recession in June 2009, airlines have been in a "meet demand" mode of operation, carefully considering route decisions with an eye toward limiting capacity growth. The labor market in the air transportation industry appears to be settling, with the legacy carriers' cuts subsiding and the low-cost carriers' labor increases moderating. Throughout the period examined, the airline industry proved innovative in seeking more profitable and efficient ways to use the resources it had.
Among the innovations introduced were lengthening the distances flown, increasing the gauge of aircraft to accommodate more paying passengers, and switching departures to aircraft that were more fuel efficient when the price of jet fuel became a substantial share of production expenses.
As the second decade of the 2000s is unfolding, real-output growth has been tempered through the air transportation industry's implementation of the notion of capacity discipline; as a result, the number of departures of regional aircraft carrying fewer than 60 passengers has declined. What is most clear is that air carriers are not overcommitting themselves in an economy that has been slow to recover from the Great Recession and that, up until very recently, had been characterized by rapidly fluctuating fuel prices. This article has shown that, by its ability to adapt to changing production scenarios and achieve industry-leading efficiency gains, the air transportation industry has proven itself to be a key player in moving the nation's growth forward. Given that productivity gains routinely represent 20 percent of the nation's economic growth, it is clear that air transportation's
